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ABSTRACT 

Background: Given the long term exposure to risk factors, it is likely that older adults exhibit the highest proportions of HBV serological 
markers. Nevertheless, there are few methodologically adequate studies in Brazil evaluating the prevalence and risk factors for HBV infection 
in individuals aged 60 years or more. 

Objectives: To estimate the prevalence and factors associated with HBV infection in elderly residents in the city of Tubarao/SC. 

Patients and Methods: This cross-sectional study included 820 individuals (> 60 years) selected by simple random sampling. The variables 

were compared by chi-square test or Fisher's exact test and those with P < 0.200 were included in the regression model. 

Results: The mean age of patients was 68.6 ± 7.0 years, 39% were men and 92% Caucasian. Five subjects (0.6%) presented with positive HBsAg 

and 124 (15.1%) were anti-HBc reactive. Bivariate analysis showed that the presence of anti-HBc was associated with age > 67 years, < 4 years 

of schooling, acupuncture therapy and lower proportion of subjects exposed to invasive procedures. In multivariate analysis, the following 

variables remained independently associated with HBV infection: male gender, marital status, < 4 years of schooling and acupuncture. 

Conclusions: The prevalence of anti-HBc among the elderly in the city of Tubarao was higher than in previous studies evaluating blood 

donors in the same region. Despite the association of previous HBV infection and factors indirectly related to sexual risk behaviors, the results 

suggest the involvement of invasive therapeutic procedures in the HBV transmission chain. 
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1. Background 

Hepatitis B virus (HBV) infection is a major public health 
problem. About two billion people worldwide have been 
infected and more than 350 million are chronic HBV car- 
riers (1). HBV infection is transmitted by parenteral route, 
by percutaneous or permucosal exposure to blood or oth- 
er body fluids (2). In low endemic regions, most cases of 
hepatitis B are related to sexual exposure, while in high 
endemic areas perinatal or early childhood transmission 
is the most common form of HBV infection (2). The global 
prevalence of chronic HBV infection is about 5%, but it 
varies significantly according to the geographic region. 
Latin America is usually considered an area of low preva- 
lence; nevertheless, there is a great regional variation, 
with high endemicity observed in the Amazon region 
and in specific subpopulations (3). Evidence suggests a 
higher prevalence of HBV infection markers among the 
elderly (4, 5), probably reflecting a longer exposure to risk 
factors. However, another possible explanation would be 
a real change in the epidemiologic profile of HBV infec- 
tion in a similar way to that observed in the human im- 
munodeficiency virus (HIV) infection, with a displace- 
ment of the prevalence curve for higher age groups (4). 
Besides the higher prevalence, the elderly present pecu- 
liarities that negatively influence various aspects of HBV 
infection, such as higher rates of progression to chronic 
forms after acute HBV infection and, when chronic carri- 
ers, they are most likely to present more advanced liver 
disease (5-8). Data regarding the epidemiological charac- 
teristics of HBV infection in Brazil and South America are 
scarce and, as most studies included blood donors, the 
elderly are often underrepresented. 

2. Objectives 

The aim of this study was to estimate the prevalence 
and investigate possible factors associated with HBV in- 
fection (current or past) in the elderly in the municipality 
of Tubarao, southern Brazil. 

3. Patients and Methods 

3.1. Study Population 

This observational cross-sectional population-based 
study was conducted between June 2010 and March 2011 
in the municipality of Tubarao, located in the state of San- 
ta Catarina, southern Brazil. Individuals aged > 60 years 
(completed in 2010) enrolled in the Program of Family 
Health Strategy (FHS) were included. Those who refused 
or declined to participate in the study and those who did 
not attend the blood collection unit were excluded (apart 
from those with mobility problems for whom samples 
were taken at their home). The FHS program is a strate- 
gic initiative of the Brazilian Public Health System which 
involves multidisciplinary teams, and aims to promote 



health, prevention, recovery and rehabilitation of diseas- 
es. The FHS Program of Tubarao has a good coverage rate 
(> 75%), totaling 9,009 elderly subjects in June 2010. As- 
suming an estimated prevalence rate of 1.8% of total anti- 
HBc in the population (9), with a 95% confidence interval 
and accuracy of 0.9%, the estimated sample size was 781 
individuals (10). In anticipation of possible losses, 234 
patients (30%) were additionally included, totaling 1015 
patients who were selected by simple random sampling. 
A pre-survey was conducted on all elderly subjects en- 
rolled in the health units, and the data was entered into 
a spreadsheet to perform the random sampling that was 
generated by the Random Generator of the Microsoft® 
Excel® software (Add-in Express Ltd). The study protocol 
conformed to the ethical guidelines of the 1975 Helsinki 
Declaration and was approved by our institutional re- 
view board. 

3.2. Data Collection 

The individuals were interviewed at home after being 
informed about the objectives of the study, the assurance 
of data confidentiality and the approval of the informed 
consent form. The structured questionnaire consisted 
of closed questions about sociodemographic character- 
istics, medical and surgical history and risk behaviors, 
including drug use and sexual practices. Alcoholism 
was defined by the finding of two or more affirmative 
responses to the CAGE questionnaire (11). Those who had 
reported to smoke 100 or more cigarettes in their lifetime 
were considered smokers (current or previous) (12). In the 
present study, invasive procedures were defined as all op- 
erative procedures in which skin or mucous membranes 
were incised, or an instrument was introduced through a 
natural body orifice. This definition includes all surgical 
procedures; minimally invasive dermatological interven- 
tions; techniques such as percutaneous transluminal an- 
gioplasty and cardiac catheterization; minimally invasive 
procedures involving biopsies or placement of probes 
or catheters requiring entry into a body cavity through 
a needle or trocar; and endoscopic procedures. After the 
interview, participants were scheduled for blood collec- 
tion in one of the FHS units. Home collections were per- 
formed in cases of individuals with limited mobility. The 
samples were centrifuged in loco by the collection team 
and transported to the Clinical Laboratory of Unisul for 
testing. In the case of household blood collection, the 
samples were transported immediately to the laboratory 
and then centrifuged and processed. 

3.3. Laboratory Analysis 

HBsAg and total anti-HBc were tested by enhanced che- 
miluminescence (Vitros. Eci, Johnson & Johnson, USA). Ac- 
cording to the results of these tests, the individuals could 
be found in one of the following categories: 1 - Negative 
for HBV markers (all tests negative), 2 - Current HBV in- 
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fection (HBsAg positive and anti-HBc reactive or not) 
and 3 - Previous infection with HBV (HBsAg negative and 
anti-HBc reactive). Indeterminate anti-HBc results were 
treated as negative for the evaluation of factors associ- 
ated with HBV infection. 

3.4. Statistical Analysis 

Numerical variables were expressed as mean and stan- 
dard deviation, whereas categorical variables were de- 
scribed in absolute numbers and proportions. Pearson's 
chi-square and Fisher's exact tests were used for compari- 
son of proportions. P value of less than 0.050 was con- 
sidered as statistically significant. In order to identify pa- 
rameters independently associated with HBV infection, 
the variables with P < 0.200 in the bivariate analysis were 
evaluated by logistic regression using the Enter method. 
The goodness-of-fit of the final logistic regression model 
was verified by the Hosmer-Lemeshow test (P value > 
0.050 indicated that the model had appropriate adjust- 



ment). A P-value < 0.050 was considered statistically sig- 
nificant. All tests were performed by the SPSS software, 
version 17.0 (SPSS, Chicago, IL, USA). 

4. Results 

4.1. Characteristics of the Sample 

Of the 1015 subjects selected for inclusion, 122 did not at- 
tend the interview for the following reasons: eight died, 
five moved to other cities, 11 were not located and 98 re- 
fused to participate. Of the 893 who were interviewed, 
73 did not attend the blood collection unit and were ex- 
cluded from the final analysis. The characteristics of the 
included subjects and the comparison with excluded in- 
dividuals are exhibited in Tables 1 and 2. The mean age of 
the included elderly was 68.7 + 7.0 years; 38.5% were men 
and 92.4% were Caucasian. When compared to excluded 
subjects, those included in the analysis showed a higher 
proportion of stable relationships (married or cohabit- 



Table 1. Comparison Between Included (n = 820) and Excluded Subjects (n = 73) RegardingSociodemographic Characteristics 


Characteristics 


Included, No.(%) 


Excluded, No. (%) 


P value 3 


Sex 






0.244 


Male 


316 (38.5) 






Female 


504 (61.5) 


50(68.5) 




Age.y 






0.142 


60-67 


433 (52.8) 


32 (43.8) 






387(47.2) 


41 (56.2) 




Self-reported race 






0.343 


Caucasian 


756 (92.4) 


65(89.0) 




Non-Caucasian 


62 (7.6) 


8(11.0) 




Schooling, y 






0.255 


0-3 


398(48.5) 


30 (41.7) 






422 (51.5) 


42(58.3) 




Stable relationship 






0.007 




541(66.0) 


36(49.3) 




No 


279 (34.0) 


37(50.7) 




Members in the household 






0.881 


0-2 


467(57.0) 


41(56.2) 






353 











a chi-square test 



Table 2. Comparison Between Included (n = 820) and Excluded Subjects (n = 73) Regarding Variables Related to Exposure and Risk Factors 



Characteristics 


Included, No. (%) 


Excluded, No.(%) 


P value 3 




Alcoholism 






0.911 






83 (10.1) 


7(9.6) 






No 


737(89.9) 


66(90.4) 






Current/previous smoking 0.271 
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Previous HIV testing 
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Yes 


74 (9.1) 


5(7.0) 




No 


739 (90.9) 


66(93.0) 




Previous vaccination for HBV 






0.706 


Yes 


69(8.4) 


7(9.7) 




No 


750(91.6) 


65(90.3) 





a Chi-square test 

''Fisher's Exact Test 

c In the past twelve months 
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ing) and were less prone to share personal items with 
non-household members. No differences were observed 
in the comparison of other variables. 



4.2. Prevalence and Factors Associated With HBV 
Infection 

As shown in Figure 1, the HBsAg was positive in five sub- 
jects (0.6%), total anti-HBc was reactive in 124 (15.1%) and 
indeterminate in 19 (2.3%) individuals. All HBsAg positive 
patients were also reactive for anti-HBc. 



HBsAg Positive 
5(0.6%) 



Reactive Total 
Anti-HBc 
124(15.1%) 



In determined Total 
Anti-HBc 
19(2.3%) 



Negative Anti-HBc 
677(82.6%) 



Figure 1. Flowchart Detailing the Studied Sample According to the HBV 
Serological Pattern. All Subjects With Positive HBsAg had Reactive Total 
Anti-HBc 



Table 3. Sociodemographic Characteristics of the 820 Elderly Patients Included in the Analysis and Their Association With HBV Infec- 
tion (Current or Past) 


Characteristics 


HBV(+), No. (%) 


HBV(-), No. (%) 


n i a 
P value 


Sex 






0.100 




56(45.2) 


260 (37.4) 




Female 


68(54.8) 


436(62.6) 




Age.y 






0.025 


60-67 


54(43.5) 


379 (54.5) 






70 (56.5) 


317(45.5) 




Self-reported race 






0.219 


Caucasian 


117(95.1) 


639(91.9) 




Non-caucasian 


6(4.9) 


56(8.1) 




Schooling, y 






0.007 


0-3 


74 (59.7) 


324(46.6) 






50(40.3) 


372(53.4) 




Stable relationship 






0.161 




75 (60.5) 


466(67.0) 




No 


49 (39.5) 


230 (33.0) 




Members in the household 






0.639 


0-2 


73(58.9) 


394(56.6) 






51(41.1) 


302(43.4) 




a chi-square test 


Table 4. Variables Related to Exposure and Risk Factors of the 820 Elderly Patients Included 
HBV Infection (Current or Past) 


in the Analysis and Their AssociationWith 


Characteristics 


HBV(+)No.(%) 


HBV(-)No.(%) 


P value 3 


Alcoholism 






0.270 




16(12.9) 


67(9.7) 




No 


108 (87.1) 


627(90.3) 




Current/previous smoking 






0.462 


Yes 


54(43.5) 


227(40.0) 






70(56.5) 


415(60.0) 




History of drug use 






0.390 b 




1(0.8) 


2(0.3) 




No 


123(99.2) 


692 (99.7) 




Regular use of condoms 






0.466 b 
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Yes 



2(1.6) 



16 (2.3) 



No 


122 (98.4) 


673 (97.7) 




Sexual partners c 






0.364 b 


0-1 


120(96.8) 


673 (97.7) 




>2 


4(3.2) 


16 (2.3) 




Blood transfusion 






0.682 


Yes 


18 (14.5) 


111(16.0) 




No 


106 (85.5) 


584(84.0) 




Blood transfusion < 1993 






0.249 


Yes 


13(10.5) 


51 (7.4) 




No 


111(89.5) 


634(92.6) 




Invasive procedures 






0.024 


Yes 


64(51.6) 


433(62.4) 




No 


60(48.4) 


261(37.6) 




Acupuncture 






0.018 


Yes 


17 (13.7) 


51 (7.3) 




No 


107(86.3) 


644 (92.7) 




Tattoo 






0.719 b 


Yes 




2 (0.3) 




No 


124 (100. 0) 


689 (99.7) 




Sharing personal items 






0.921 


Yes 


38(30.9) 


211 (30.4) 




No 


85(69.1) 


482 (69.6) 




Sharing items with household 
members 






0.162 


Yes 


26(21.3) 


112 (16.2) 




No 


96 (78.7) 


581 (73.8) 




Sharing items with non-household members 




0.138 


Yes 


13(10.7) 


110(15.9) 




No 


109(89.3) 


583(84.1) 




Previous HIV testing 






0.923 


Yes 


11(8.9) 


63 (9.1) 




No 


113 (91.1) 


626(90.9) 




Previous vaccination for HBV 






0.370 


Yes 


13(10.5) 


56(8.1) 




No 


111(89.5) 


639 (91.9) 





chi-square test 
3 fisher's exact test 
- in the past twelve months 



In the study sample, 677 subjects (82.6%) had no mark- 
ers of HBV infection. Therefore, in this study, 124 (15.1%) 
of the elderly were considered individuals with current 
or previous HBV infection. In the bivariate analysis of so- 
ciodemographic variables, those with evidence of HBV 
infection had a higher proportion of individuals over 67 
years of age (56.5% vs. 45.5%, P = 0.025) and a lower propor- 
tion of elderly people with four or more years of school- 
ing (40.3% vs. 53.4%, P = 0.007) {Table 3). Concerning the 



variables related to exposure and risk factors (Table 4), 
anti-HBc reactive subjects showed a higher proportion of 
patients previously submitted to acupuncture (13.7% vs. 
7.3%, P = 0.018) and a lower proportion of previous inva- 
sive procedures (51.6% vs. 62.4%, P = 0.024). No differences 
were observed in the comparison of other variables. 

Multiple logistic regression analysis was performed 
using HBV infection (current or past) as the dependent 
variable. The following variables with P < 0.200 were 
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included in the regression model: gender, age dichoto- 
mized at 67 years, education dichotomized in four years, 
marital status, history of invasive procedures, history of 
acupuncture, sharing personal items with household 
members/non-household members. In the multivariate 
analysis (Table 5), the variables that were independently 



associated with HBV infection were male gender (OR 
1.674, 95% CI 1.064 to 2.634, P = 0.026), schooling < 4 years 
(OR 1.532, 95% CI 1.024 to 2.292, P = 0.038), no stable rela- 
tionships (OR 1.577, 95% CI 1.002 to 2.483, P = 0.049) and 
previous acupuncture therapy (OR 2.520, 95% CI 1.360 to 
4.668, P = 0.003). 



Table 5. Logistic Regression Analysis of the Factors Associated With the Presence of HBV Infection (VariablesWith P < 0.200 in the 
Bivariate Analysis) 


Factors 


Odds Ratio 


CI a 


P value 


Male gender 


1.674 


1.064 - 2.634 


0.026 


Age > 67 years 


1.315 


0.873-1.980 


0.190 


Schooling < 4 years 


1.532 


1.024-2.292 


0.038 


No stable relationship 


1.577 


1.002-2.483 


0.049 


History of Invasive Procedures 


0.722 


0.482-1.082 


0.115 


Acupuncture 


2.520 


1.360-4.668 


0.003 


Sharing items with household members 


1.533 


0.934-2.518 


0.091 


Sharing items with non-household mem- 
bers 


0.750 


0.395-1.423 


0.379 



a Abbreviations: CI, Confidence Interval 



5. Discussion 

The present work represents the first population-based 
study in a Brazilian city with the aim of determining the 
prevalence of HBV infection in elderly. Even if we con- 
sider Brazilian studies on the prevalence of Hepatitis 
B in general, most of them had significant limitations, 
and were generally carried out in small groups and were 
not representative of the general population (e.g. blood 
donors). The prevalence of current HBV infection in this 
study was 0.6% and the prevalence of markers of previous 
contact was 15.1%. With regards to HBsAg, these results 
are similar to studies with blood donors, which showed 
a prevalence of 0.64% and 0.78% for the state of Santa Ca- 
tarina and the city of Tubarao, respectively (9). However, 
the prevalence of anti-HBc in this study was significantly 
higher than that observed in blood donors of the same 
region (5.35% and 3.92%, for the state of Santa Catarina 
and the municipality of Tubarao, respectively) (9). This 
divergence suggests a higher prevalence of the marker of 
contact between the elderly, but it may also reflect oth- 
er specific characteristics of blood donors. In 2011 data 
from the largest study ever, conducted in Brazil on the 
prevalence of viral hepatitis was released (13). This study 
included 19,634 individuals aged 10 to 69 years, residents 
of the Brazilian state capitals. The prevalence of current 
HBV infection, among adults was 0.6% and 11.6% exhibited 
serological profiles compatible with previous HBV infec- 
tion. The results remained similar when only residents of 
the South region were evaluated, with 0.55% prevalence 
for HBsAg and 11.3% for anti-HBc. Although the proportion 
of HBsAg positive was similar in the present study, a high- 



er prevalence of anti-HBc was observed among the elder- 
ly in the city of Tubarao. In fact, when only the age group 
between 60 and 69 years in a Southern population-based 
study of the Ministry of Health is taken into account, the 
prevalence of positive anti-HBc was 23%, which is signifi- 
cantly higher than that found for younger individuals. It 
is likely that in the elderly, the longer exposure to risk fac- 
tors justifies a higher prevalence of markers of HBV infec- 
tion, however, the longer duration of the infection may 
also justify a higher probability of seroconversion to anti- 
HBs throughout life, explaining the dissociation between 
the numerical proportions of individuals with markers 
of past and current infection among the elderly (14, 15). In 
the logistic regression analysis, male gender, no stable re- 
lationship, lower education (< 4 years) and previous acu- 
puncture therapy were independently associated with 
HBV infection. Despite the association observed in the 
univariate analysis, age over 67 years and a history of non- 
invasive procedures did not remain in the final model of 
the logistic regression. Regarding the higher prevalence 
of HBV infection in males, several studies from different 
regions of the world and with different methodologies 
are consistent with these finding (16-21). The association 
between male gender and hepatitis B is probably the re- 
sult of greater exposure to risky sexual behavior among 
men, a hypothesis reinforced by the higher prevalence 
of other sexually transmitted diseases among these indi- 
viduals (22). The population-based study of the Brazilian 
Ministry of Health assessed the factors associated with 
positive anti-HBc in different regions (13). No differences 
were observed with regards to gender in the North and 
South, however, in the other regions, multivariate analy- 
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sis showed an association between male and reactive an- 
ti-HBc. It is likely that peculiarities of HBV epidemiology 
in the South and North justify the differences reported in 
the study of the Ministry of Health. The high endemicity 
observed in the North (especially in the Amazonas state) 
and also in the western states of the South Region (es- 
pecially Santa Catarina) may be related to an increased 
number of cases of vertical transmission, thus indirectly 
reducing the impact of sexual transmission as a route of 
HBV transmission in the capital cities of these regions, 
which often receive people coming from endemic areas 
(9, 23). The association between the male gender and HBV 
infection observed in the present study probably reflects 
regional characteristics, the greatest distance from most 
endemic areas and the absence of well-defined popula- 
tion flow from the west of the State to the city of Tubarao 
justify higher rates of sexual transmission. Emphasizing 
the importance of variables associated with sexual expo- 
sure, in the present study the presence of anti-HBc was in- 
dependently associated with the absence of a stable rela- 
tionship. This finding is in agreement with that observed 
in previous studies (24, 25) and, as discussed above, is 
probably indirectly related to sexual risk behaviors. Inter- 
estingly, other variables usually more directly related to 
sexually transmitted diseases, such as a greater number 
of sexual partners in the last twelve months and regular 
use of condoms, were not associated with HBV infection. 
This is justified by the fact that probably the majority of 
HBV infections in this group of individuals occurred in 
the distant past. Thus, these variables are related to char- 
acteristics of more recent sexual behavior, which do not 
necessarily reflect the situation at the time of HBV con- 
tamination. Furthermore, from a statistical point of view, 
the low frequency observed for these variables may have 
significantly limited the ability to identify more subtle 
differences. 

Lower education was independently associated to the 
presence of HBV infection. The association between hepa- 
titis B and lower education has been previously dem- 
onstrated in international studies (24) and in Brazilian 
blood donors (26). Similarly, the population-based study 
of the Ministry of Health found similar results in all re- 
gions of Brazil, with the exception of the Southeast (13). 
Specifically in the South, higher education (high school 
or college) was associated with lower prevalence of anti- 
HBc. Schooling is one indicator of socioeconomic status 
and these results probably reflect that a greater exposure 
to HBV occurs in situations of greater poverty and less ac- 
cess to information regarding preventive measures. In 
the present study, the multivariate analysis showed an 
association between previous acupuncture therapy and 
HBV infection. Similarly to other invasive procedures, 
failure or non-adoption of precautionary measuremay 
be associated with risk of contamination by parenterally 
transmitted infectious agents such as HBV. In fact, previ- 
ous reports, particularly Asian studies from countries 
with high HBV endemicity, demonstrated an association 
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(27-31). Although other authors have not reported this 
association (32, 33), the findings of this study and others 
reinforce the need for control over the institutions and 
professionals involved in invasive procedures, ensur- 
ing the adoption of precautionary measures in order to 
prevent the nosocomial contamination by parenterally 
transmitted agents. Moreover, it is important to imple- 
ment strategies to ensure adequate vaccine coverage 
against hepatitis B among healthcare workers, especially 
those who engage frequently in situations with increased 
risk of contamination. 

Exposure to other invasive procedures was not associ- 
ated with the presence of HBV infection in the elderly. 
It is possible that these findings are related to the high 
proportion of individuals previously subjected to proce- 
dures that were considered invasive. Thus, it is likely that 
a better detailed variable, including the type of procedure 
(in- or out-hospital), the magnitude or extend (small, me- 
dium and large) and the health professionals involved 
(health professionals or not) would provide important 
information about this risk factor. Some limitations of 
this study should be discussed. First, the possibility of oc- 
cult HBV infection, especially in those with the anti-HBc 
reactive/HBsAg negative profile, was not investigated in 
the present study. Although this could affect the preva- 
lence of "true" current HBV infection, the implications 
of this information in epidemiological studies is still a 
matter of discussion. In addition, the exploration of oc- 
cult HBV infection was outside the scope of this investiga- 
tion and the methodology used in the present study are 
in agreement with the majority of epidemiology studies 
on HBV infection. Secondly, the differences between in- 
cluded and excluded individuals regarding marital sta- 
tus and the proportion of subjects who share personal 
items with non-household members may suggest selec- 
tion bias. However, this is unlikely to have occurred as the 
proportion of excluded subjects was relatively small and 
they were similar to included ones regarding all other 
major characteristics. Finally, the study design adopted 
does not allow establishment of direct causal relation- 
ships and the temporal sequence between the variables 
investigated and HBV infection. In fact, this is a common 
limitation of cross-sectional studies and can be resolved 
with the cohort studies (34). Nevertheless, cross-section- 
al population studies represent useful tools for public 
health planning, understanding of disease etiology and 
hypothesis generation (35). 

In conclusion, the prevalence of current HBV infection 
(HBsAg) among the elderly population of the municipal- 
ity of Tubarao was 0.6%, which is similar to that described 
in blood donors from the same city. However, the propor- 
tion of subjects with reactive anti-HBc was 15.1%, which is 
substantially higher than that observed in blood donors. 
It is more likely that these findings reflect a cumulative 
effect of exposure to risk factors throughout life than a 
change in the epidemiological profile with recent expo- 
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sure to HBV. This hypothesis is justified by the wide prev- 
alence of the anti-HBc reactive/HBsAg negative profile 
(previous infection) in relation to the anti-HBc reactive/ 
HBsAg positive profile (current infection). The presence 
of HBV infection was independently associated with male 
gender, no stable relationship, lower educational level 
and history of acupuncture. These findings reflect the 
importance of factors indirectly related to sexual risks 
and low socioeconomic status, but also suggest the pos- 
sible involvement of invasive therapeutic procedures in 
the HBV transmission chain. 
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